JunB is a member of the Jun family of proteins that are components of the AP-1 transcription factor complex. AP-1 is involved in cell proliferation and apoptosis. Recent evidence suggests that Hodgkin and ReedSternberg cells overexpress JunB and that JunB facilitates constitutive CD30 expression by binding to an AP-1 site in the CD30 promoter. In this study we surveyed JunB expression in a variety of CD30 þ lymphoma types including 42 cases of anaplastic large cell lymphoma, 36 classical Hodgkin lymphoma, 15 cutaneous anaplastic large cell lymphoma, and 11 CD30 þ diffuse large B-cell lymphoma. In addition, seven cases of nodular lymphocyte-predominant Hodgkin lymphoma and 42 diffuse large B-cell lymphoma, known to be CD30À, were analyzed. JunB expression was assessed using tissue microarrays, immunohistochemistry and a monoclonal antibody specific for JunB. Expression of JunB was observed in 41 of 42 cases of anaplastic large cell lymphoma, including all 21 cases positive for anaplastic lymphoma kinase and 20 of 21 (95%) negative for anaplastic lymphoma kinase. JunB was also expressed in all cases of classical Hodgkin lymphoma, cutaneous anaplastic large cell lymphoma and CD30 þ diffuse large B-cell lymphoma, and in lymphomatoid papulosis. By contrast, all nodular lymphocyte-predominant Hodgkin lymphomas and diffuse large B-cell lymphomas that were CD30À were also JunBÀ. We conclude that JunB is expressed in virtually all CD30 þ lymphomas and is a potential target for experimental therapy in patients with these tumors.
Activator protein 1 (AP-1) is a transcription factor complex composed of a group of proteins that bind to AP-1 DNA recognition elements, thereby inducing expression of genes controlling cell growth and apoptosis.
1 AP-1 proteins include four subfamilies, Jun, Fos, Maf and ATF, and these proteins function as a complex of homodimers and heterodimers. 1 The Jun family includes three members, c-Jun, JunB and JunD. The JunB gene is mapped at chromosome 19p13 and encodes a 39 kDa protein. The main difference between JunB and c-Jun proteins is in their DNA binding domains where a small number of amino acid changes leads to a 10-fold decrease in the DNA binding ability of JunB. As a result, JunB is less stable and therefore less effective as a transcription activator. Since JunB represses the transactivation and transformation capacity of c-Jun by forming inactive heterodimers with c-Jun, it has been suggested that cJun-JunB complexes may suppress cell proliferation. 2, 3 However, in specific cell types JunB can also act as a positive cell growth regulator in the absence of c-Jun. 1 Little is known about the role of JunB in the pathogenesis of lymphomas. Mathas et al 4 have shown that AP-1 is constitutively activated in Hodgkin and Reed-Sternberg cells of Hodgkin lymphoma with overexpression of functional c-Jun and JunB. These authors suggested that c-Jun and JunB expression may be a 'hallmark' of Hodgkin and Reed-Sternberg cells. 4 In a more recent in vitro study, JunB was found to interact with an AP-1 site in the microsatellite sequence of the CD30 gene promoter thereby facilitating CD30 expression in Hodgkin and Reed-Sternberg cells. 5 Among nonHodgkin lymphomas, a subset of cases of cutaneous lymphoma including cutaneous anaplastic large cell lymphoma were reported to overexpress JunB. 6 In this study, we surveyed JunB expression in a variety of CD30 þ lymphoma types and in lymphomatoid papulosis. We have shown that JunB overexpression is a common finding in virtually all CD30 þ lymphomas. These results suggest that JunB is necessary for CD30 expression and that JunB has a potential pathogenetic role in these neoplasms.
Materials and methods

Lymphoma Cell Lines and Tumor Specimens
A panel of CD30 þ lymphoma cell lines were used including three anaplastic lymphoma kinase (ALK) þ anaplastic large cell lymphoma (Karpas 299, JB-6 and SU-DHL-1), one ALK-anaplastic large cell lymphoma (Mac2A), and five Hodgkin lymphoma, (L428, L1236, KM-H2, HD-MyZ, and HD-LM2). In addition, Jurkat, a T-cell acute lymphoblastic leukemia cell line known to be CD30À, was used as a negative control. All cell lines were grown in suppplemented Roswell Park Memorial Institute 1640 medium (Life Technologies, Grand Island, NY, USA) as described previously.
Western blot analysis and flow cytometry (for CD30) were performed on these cell lines as described elsewhere. 7, 8 For Western blotting, the JunB monoclonal antibody (C-11, Santa Cruz Technology, Santa Cruz, CA, USA) at a 1:200 dilution and the anti-CD30 monoclonal antibody (Ber-H2, Dakocytomation, Carpinteria, CA, USA) at a 1:25 dilution were used. For flow cytometry, a monoclonal CD30 antibody conjugated to phycoerythrin (Immunotech, Westbrook, ME, USA) was used non-diluted. Expression of JunB was judged to be negative (À), faint ( þ /À), moderate ( þ ), and strong ( þ þ ) in immunoblots.
The tumors assessed included 153 cases of lymphoma and 18 cases of lymphomatoid papulosis accessioned at The University of Texas MD Anderson Cancer Center. The CD30 þ group included 42 anaplastic large cell lymphomas (21 ALK þ , 21 ALKÀ), 36 classical Hodgkin lymphomas, 15 cutaneous anaplastic large cell lymphomas, 11 CD30 þ diffuse large B-cell lymphomas, and 18 cases of CD30 þ lymphomatoid papulosis. For comparison, 49 CD30À lymphomas were assessed including seven nodular lymphocyte predominant Hodgkin lymphomas and 42 diffuse large B-cell lymphomas. ALK expression was assessed in all 42 anaplastic large cell lymphomas using the ALK-1 antibody (Dakocytomation). The diagnosis of all lymphomas was based on morphologic and immunohistologic criteria as specified in the World Health Organization classification. 9 
Tissue Microarrays and Immunohistochemical Methods
Cell pellets from the lymphoma cell lines were fixed in 4% buffered formalin overnight and embedded in paraffin. These cell blocks were then used to construct a 'cell line' microarray.
The tissue microarrays included duplicate, triplicate or quadruplet tumor cores from all cases of lymphoma and lymphomatoid papulosis. Two reactive lymph nodes were also assessed. A manual tissue arrayer (Beecher Instruments, Silver Springs, MD, USA) was used to construct these cell line and tissue microarrays as described previously. 10 The immunohistochemical methods used in this study have been described previously.
11 Heat-induced epitope retrieval was performed. Slides were incubated with a JunB monoclonal antibody (C-11, Santa Cruz Biotechnology) at a 1:100 dilution overnight at 41C. Detection of the immunoreaction was performed using the LSAB þ kit (Dakocytomation) and 3,3 0 diaminobenzidine/H 2 O 2 . In a subset of five classical Hodgkin lymphoma and 18 ALK þ anaplastic large cell lymphoma cases, double immunostaining for JunB and CD30 was performed using the peroxidase/alkaline phosphatase-based EnVision Doublestain system (Dakocytomation) according to the manufacturer's recommended protocol. The slides were initially incubated with JunB antibody and then with the CD30 antibody at room temperature, each for 30 min. 3,3 0 diaminobenzidine/H 2 O 2 and fast red were used as chromogens, respectively.
Results
JunB Protein Expression in CD30 þ Lymphoma Cell Lines
Western blot analysis demonstrated that all anaplastic large cell lymphoma and Hodgkin lymphoma cell lines expressed JunB protein ( Figure 1a , Table 1 ). One anaplastic large cell lymphoma (JB-6) and two Hodgkin lymphoma (L-1236 and HD-MyZ) expressed relatively lower levels of JunB compared with the other anaplastic large cell lymphoma cell lines. HD-LM2, a Hodgkin lymphoma cell line of T-cell origin, expressed JunB (and CD30) faintly (Table 1) . Jurkat cells, known to be CD30À, were JunBÀ. To further confirm these results, we analyzed a cell line microarray that included these cell lines using immunohistochemistry and the same monoclonal antibody as was used for Western blot analysis.
The immunostaining results correlated well with the Western blot results (Figure 1b , Table 1 ).
Expression of JunB in Reactive Lymph Nodes, CD30 þ Lymphomas and Lymphomatoid Papulosis
In reactive lymphoid follicles, JunB was faintly expressed in rare germinal center cells and small lymphocytes (Figure 2a, inset) . The staining pattern was exclusively nuclear.
All 21 ALK þ anaplastic large cell lymphomas and 20 of 21 (95%) ALK-anaplastic large cell lymphomas strongly and uniformly expressed JunB (Figure 2b and c, Table 2 ). Similarly, all 36 Hodgkin lymphomas, 15 cutaneous anaplastic large cell lymphomas, 11 CD30 þ diffuse large B-cell lymphomas, and 18 cases of lymphomatoid papulosis strongly and uniformly expressed JunB in the nucleus of tumor cells (Table  2) . By contrast, all 49 CD30À tumors, seven nodular lymphocyte-predominant Hodgkin lymphomas and 42 diffuse large B-cell lymphomas, were JunBÀ (Figure 2d and f, Table 2 ).
In a subset of five classical Hodgkin lymphoma and 18 ALK þ anaplastic large cell lymphoma cases, double immunostaining for JunB and CD30 was performed. Coexpression of JunB (nuclear) and CD30 (membranous and cytoplasmic) was seen in the Hodgkin and Reed-Sternberg cells of classical Hodgkin lymphoma and the tumor cells of ALK þ anaplastic large cell lymphoma in all cases ( Figure  3a-d) . Rare CD30À small reactive lymphocytes showed faint immunoreactivity for JunB (Figure 3 ).
Discussion
The AP-1 transcription factor complex is a group of proteins capable of forming homodimers or heterodimers through their leucine-zipper domains. Different combinations of homodimers and heterodimers recognize different sequences in the promoters of AP-1 target genes that control cell proliferation and apoptosis thus contributing to oncogenesis. 12 Of the proteins involved in AP-1, the Jun family, and particularly JunB, is the focus of this study.
Recent studies suggest a potential role for the AP-1 family of proteins, and in particular, the Jun family in the pathogenesis of Hodgkin lymphoma. 4 In cultured Hodgkin and Reed-Sternberg cells, JunB was found to bind with the CD30 gene promoter. The CD30 gene promoter has three regions: a microsatellite sequence containing CCAT repeats, a core promoter with Sp-1 binding sites, and a downstream promoter element. In normal lymphoid cells, the microsatellite sequence suppresses the CD30 promoter. However, in Hodgkin and ReedSternberg cells JunB binds to an AP-1 site in the microsatellite sequence resulting in relief of repression of the CD30 promoter. 5 As a result, CD30 gene expression is induced in Hodgkin and Reed-Sternberg cells.
Based on these data, we hypothesized that JunB might be overexpressed in other CD30 þ lymphoproliferative disorders. We therefore assessed for JunB expression in a variety of CD30 þ lymphomas including Hodgkin lymphoma and different types of CD30 þ non-Hodgkin lymphoma. We also assessed cases of lymphomatoid papulosis. We found that 41 of 42 (98%) anaplastic large cell lymphoma cases were JunB þ (Table 1 ). In addition, all cases of technique. By contrast, all CD30À cases of nodular lymphocyte-predominant Hodgkin lymphoma and diffuse large B-cell lymphoma were JunBÀ (Table 1) .
In all tumors assessed, we also identified rare CD30À small reactive lymphocytes that showed faint nuclear immunoreactivity for JunB indicating very low expression levels. The biologic significance of this finding is uncertain. The results of this survey are in agreement with previously published data. Mathas et al 4 have shown overexpression of JunB in Hodgkin lymphoma. Moreover, a subset of cutaneous T-cell lymphomas including cutaneous anaplastic large cell lymphoma tumors also express JunB. 6 It is tempting to speculate that JunB, in CD30 þ non-Hodgkin lymphomas and lymphomatoid papulosis, induces CD30 expression through interacting with the CD30 gene promoter, as has been shown in Hodgkin and Reed-Sternberg cells of Hodgkin lymphoma. The role of JunB-related AP-1 dimers in controlling cell proliferation is not completely understood. Although it has been suggested that JunB can form complexes with c-Jun that could suppress cell proliferation, 2,15 the effects of JunB and its complexes with other AP-1 members on cell growth are still under investigation. 1 Recent evidence in chronic myeloid leukemia suggests that JunB activity is significantly decreased as compared with the peripheral blood cells of healthy individuals, and that downregulation of JunB is the result of JunB gene methylation. 16 Furthermore, in mice JunB inactivation results in a myeloproliferative disorder resembling chronic myeloid leukemia. 17 Szremska et al 18 also have reported that transgenic expression of JunB inhibits proliferation and transformation in B but not T lymphocytes suggesting differential effects of JunB among different lymphocyte subtypes.
In summary, we have shown that JunB overexpression is a virtually constant feature in CD30 þ lymphomas and in lymphomatoid papulosis. More mechanistic studies are needed to shed light on the molecular mechanisms underlying JunB upregulation as well the potential oncogenic role of JunB/ CD30 signaling in these lymphomas.
